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(57) ABSTRACT

The disclosure relates to a method for operating a steer-by-
wire steering system which includes at least one steering
input element, at least one steering actuating element opera-
tively connected to the steering mput element, at least one
first end stop for mechanically limiting a movement of the
steering actuating element 1n a first direction of movement
and at least one second end stop for mechanically limiting a
movement of the steering actuating element in a second
direction of movement, wherein a steering ratio between the
steering 1mput element and the steering actuating element 1s
adapted such that a maximum detflection of the steering input
clement 1 a first steering direction, in which the steering
actuating element reaches the first end stop, and a maximum
deflection of the steering input element 1n a second steering
direction, 1n which the steering actuating element reaches
the second end stop, are at least substantially 1dentical.
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METHOD FOR OPERATING A STEERING
SYSTEM

This application 1s a 35 U.S.C. § 371 National Stage
Application of PCT/EP2020/082460, filed on Nov. 18, 2020,
which claims the benefit of priority to Serial No. DE 10 2020

200 861.2, filed on Jan. 24, 2020 1n Germany, the disclosures
of which are incorporated herein by reference in their
entirety.

BACKGROUND

The disclosure relates to a method for operating a steering,
system. Moreover, the disclosure relates to a control appa-
ratus having a computer unit for carrying out such a method,
to a steering system having a computer unit for carrying out
such a method, as well as to a vehicle having such a steering
system.

Known from the prior art are vehicles which comprise a
conventional steering system having a steering input ele-
ment, for example 1n the form of a steering wheel, a wheel
steering angle actuator in the form of a steering gear, and a
steering column for mechanically connecting the steering
input element to the wheel steering angle actuator. Moreover
known are vehicles having steer-by-wire steering systems
which dispense with any direct mechanical connection
between a steering input element and steered vehicle wheels
and 1n which a steering command at the steering input
clement 1s transmitted exclusively in an electrical manner.
Said steer-by-wire steering systems here typically comprise
a steering mput unit as well as at least one mechanical wheel
steering angle actuator that i1s mechanically separated from
the steering mput unit. In both cases, the wheel steering
angle actuator furthermore comprises a steering actuation
clement, for example 1n the form of a rack, as well as two
mechanical terminal detents for delimiting a movement of
the steering actuation element. For reasons relating to manu-
facturing, the vehicle however does not mevitably travel 1n
a straight line when the steering actuation element 1s situated
in a central position. This leads to a maximum movement of
the steering actuation element and consequently a maximum
deflection of the steering mput element, proceeding from a
neutral position, in which the vehicle travels 1n a straight
line, potentially being different 1in both steering directions.

Proceeding thereirom, the object of the disclosure lies in
particular 1n providing a system having improved properties
in terms of a steering and/or driving behavior. The object 1s
achieved by the features of claims 1, 8, 9 and 10, while
advantageous design embodiments and refinements of the
disclosure can be derived from the dependent claims.

SUMMARY

Proposed 1s a method for operating a steering system, in
particular a steer-by-wire steering system, wherein the steer-
ing system comprises at least one steering input element, at
least one steering actuation element that 1s operatively
connected to the steering mput element, at least one first
terminal detent for mechanically delimiting a movement of
the steering actuation element 1n a first movement direction,
and at least one second terminal detent for mechanically
delimiting a movement of the steering actuation element 1n
a second movement direction, the latter being 1n particular
counter to the first movement direction, and wherein a
steering ratio between the steering mput element and the
steering actuation element 1s adapted in such a manner that
a maximum deflection of the steering input element 1n a first

10

15

20

25

30

35

40

45

50

55

60

65

2

steering direction, in particular proceeding from a neutral
position of the steering input element, 1n which the steering
actuation element reaches the first terminal detent, and a
maximum deflection of the steering input element 1n a
second steering direction, in particular proceeding from the
neutral position of the steering input element, 1n which the
steering actuation element reaches the second terminal
detent, are at least substantially 1dentical. The steering ratio
1s 1n particularly adapted in such a manner that a maximum
steering movement range of the steering input element 1n the
first steering direction, and a maximum steering movement
range of the steering input element 1n the second steering
direction, are at least substantially identical, wherein a
respective maximum steering movement range 1s 1n particu-
lar defined and/or delimited by a respective maximum
deflection of the steering input element and the neutral
position. In particular, the steering ratio i this way 1s
variable and 1s advantageously varied and/or modified as a
function of the steering direction of the steering input
element. Moreover, a deflection and/or movement of the
steering 1nput element i1n the first steering direction, in
particular a deflection and/or movement of the steering
actuation element 1n the first movement direction and a
deflection and/or movement of the steering input element 1n
the second steering direction, causes a deflection and/or
movement of the steering actuation element 1n the second
movement direction. As a result of this design embodiment,
a steering and/or driving behavior can in particular be
improved, wherein a driving comfort can in particular be
enhanced. In particular, a potential oflset of the steering
actuation element from a central position herein can be
equalized and/or compensated and an i1dentical maximum
deflection of the steering mmput element in both steering
directions can thus be achieved even in the event of the
steering actuation element not being in the central position
while the vehicle drives straight ahead.

The steering system comprises in particular at least one
computer unit which 1s provided for carrying out the method
for operating the steering system. Moreover, the steering
system can comprise further components and/or modules
such as, for example, at least one steering input unit which
comprises 1n particular the steering iput element, at least
one wheel steering angle actuator which 1s advantageously
mechanically separated from the steering input unit and
comprises in particular the steering actuation element, the
first terminal detent and/or the second terminal detent,
and/or at least one control apparatus which 1s 1n particular
provided for electrically coupling the steering input unit and
the wheel steering angle actuator, and in particular the
steering mput element and the steering actuation element. A
“wheel steering angle actuator” in this context 1s to be
understood to mean 1n particular a unit which 1s connected
to at least one vehicle wheel of the vehicle and by changing
a wheel steering angle of at least one vehicle wheel 1s
provided for transmitting a steering command, in particular
of a driver and 1n particular on the steering input element, to
the vehicle wheel and, as a result, for advantageously
controlling at least one alignment of the vehicle wheel
and/or influencing a driving direction of the vehicle. To this
end, the wheel steering angle actuator advantageously com-
prises at least one steering actuation element, for example in
the form of a rack, and at least one steering actuator, for
example 1n the form of an electric motor, that 1s operatively
connected to the steering actuation element. The wheel
steering angle actuator 1s furthermore preferably configured
as a central actuator and assigned to at least two, 1n particular
steerable vehicle wheels that are preferably configured as
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front wheels. A “computer unit” 1s to be understood to mean
in particular an electric and/or electronic unit which has an
information input, and mformation processing unit, and an
information output. Furthermore advantageously, the com-
puter unit has at least one processor, at least one operating
memory, at least one mput and/or output means, at least one
operating program, at least one open-loop control routine, at
least one closed-loop control routine, at least one computing
routine and/or at least one evaluating routine. The computer
unit 1s 1n particular provided at least for adapting a steering,
ratio between the steering imput element and the steering
actuation element, particularly in such a manner that a
maximum deflection of the steering input element 1n the first
steering direction and a maximum deflection of the steering
input element in the second steering direction are at least
substantially 1dentical. The computer unit here 1s preferably
integrated 1n the control apparatus of the steering system.
“Provided” here 1s to be understood to mean 1n particular
specially programmed, conceived and/or equipped. An
object being provided for a specific Tunction 1s to be under-
stood to mean in particular that the object fulfils and/or
carries out this specific function 1n at least one state of
application and/or operation. Furthermore, the term “at least
substantially 1dentical” 1s to be understood to mean 1n
particular 1dentical with the exception of production toler-
ances and/or within the scope of production-related possi-
bilities and/or within the scope of standardized tolerances.
The steering ratio between the steering input element and the
steering actuation element 1s particularly preferably adapted
in such a manner that the maximum detlection of the steering
input element in the first steering direction and the maxi-
mum deflection of the steering input element 1n the second
steering direction are identical.

For adapting the steering ratio as a function of a deflection
of the steering mnput element, a target position of the steering
actuation element 1s preferably determined and preferably
computed, as a result of which an advantageously simple
control algorithm can be provided in particular. The target
position of the steering actuation element here can 1n par-
ticular be supplied to a closed-loop control unit of the
steering system, said closed-loop control unit being inte-
grated in the control apparatus and/or in the computer unit,
for example, and being 1n particular provided for controlling
in a closed-loop a position of the steering actuation element
and for moving and/or adjusting the steering actuation
clement advantageously interacting with the steering actua-
tor.

According to one particularly preferred design embodi-
ment 1t 1s proposed that, when determining the target posi-
tion of the steering actuation element, at least one steering-
direction-dependent correction factor 1s taken into account.
The correction factor here advantageously has two different
values for the two steering directions, as a result of which
particularly flexible adapting of the steering ratio as a
function of the steering direction can be achieved 1n par-
ticular.

The two different values here can 1n particular be variable
and, proceeding from the neutral position, have a linear, an
exponential and/or a logarithmic profile, for example. How-
ever, 1t 1s preferably proposed that the correction factor for
the first steering direction has a fixed first value, and for the
second steering direction has a fixed second value, as a result
of which a computation algorithm can in particular be
simplified. The correction factor 1s thus preferably fixed and
1s 1nitially applied once for the two steering directions.

A particularly simple application of the correction factor
here can 1n particular be achieved when the correction factor
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for the first steering direction has a first value which 1is
determined from a ratio between a maximum deflection of
the steering mput element 1n the first steering direction in
which the steering actuation element reaches and/or would
reach 1n particular the first terminal detent, without adapting,
the steering ratio, and halt a total deflection of the steering
input element 1n both steering directions, and for the second
steering direction has a second value which 1s determined
from a ratio between a maximum deflection of the steering
input element in the second steering direction 1n which the
steering actuation element reaches and/or would reach 1n
particular the second terminal detent, without adapting the
steering ratio, and half the total deflection of the steering
input element 1n both steering directions.

According to one further design embodiment 1t 1s pro-
posed that, when determining the target position of the
steering actuation element, at least one, 1n particular manu-
facturing-related and/or production-related, offset between a
center and/or center point of the steering actuation element
and a central position 1s taken into account. A “central
position” 1s to be understood to mean 1n particular a position
of the steering actuation element 1n which, 1n particular
proceeding from the neutral position, a first movement
distance at which the steering actuation element reaches the
first terminal detent, and a second movement distance at
which the steering actuation element reaches the second
terminal detent, are 1dentical. A correction of the straight-
ahead travel can advantageously be achieved by taking into
account the oflset.

It 1s furthermore proposed that, when determining the
target position of the steering actuation element, at least one
actuator ratio of the steering system, in particular between
the steering actuation element and a steering actuator, in
particular the steering actuator already mentioned above, for
adjusting the steering actuation element 1s taken into
account. The actuator ratio here can in particular be fixed
and advantageously correspond to a mechanical ratio of the
wheel steering angle actuator. Alternatively, the actuator
ratio can in particular also be vaniable and advantageously
be adapted automatically or manually, for example by means
of a switch, depending on the driving situation. A particu-
larly exact determination of the steering ratio can 1n par-
ticular be achieved as a result.

The method for operating the steering system as well as
the steering system here are not to be limited to the appli-
cation and the embodiment described above. In particular,
the method for operating the steering system and the steering,
system for fulfilling a function described herein may have a
number of individual elements, components and units devi-
ating from the number mentioned herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages are derived from the following
description of the drawings. An exemplary embodiment of
the disclosure 1s illustrated in the drawings in which:

FIGS. 1a-b show a vehicle having a steering system
configured as a steer-by-wire steering system in a simplified
illustration;

FIGS. 2a-c¢ show a detailed illustration of part of the
steering system in different operating states; and

FIG. 3 shows an exemplary flowchart having primary
method steps of a method for operating the steering system.

DETAILED DESCRIPTION

FIGS. 1aq and 15 show a vehicle 40 which, configured as
a passenger motor vehicle, for example, has a plurality of
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vehicle wheels 42 and has a steering system 10 in a
simplified illustration. The steering system 10 has an opera-
tive connection to the vehicle wheels 42 and 1s provided for
influencing a driving direction of the vehicle 40. The steer-
ing system 10 in the present case 1s furthermore configured
as a steer-by-wire steering system in which a steering
command 1n at least one operating state 1s transmitted to the
vehicle wheels 42 exclusively 1 an electrical manner. In
principle however, a steering system could also be config-
ured as a superposition steering and/or active steering.

The steering system 10 comprises a steering input unit 44.
The steering 1nput unit 44 comprises a steering put ele-
ment 12, for example in the form of a steering wheel.
Moreover, the steering input umt 44 comprises a feedback
actuator 46 which 1s, in particular mechanically, coupled to
the steering input element 12. The feedback actuator 46 1s
provided for detecting, in particular directly, signals, forces
and/or moments from the steering mnput element 12, and/or
for transmitting, in particular directly, said signal, forces
and/or moments to the steering input element 12. In the
present case, the feedback actuator 46 1s provided at least for
generating a steering resistance and/or a restore moment on
the steering input element 12. Alternatively, a steering input
clement may also be configured as a joystick, as a steering
lever and/or as a steering ball, or the like. Furthermore, a
teedback actuator could 1n principle also be dispensed with.

Moreover, the steering system 10 has a wheel steering
angle actuator 48. The wheel steering angle actuator 48 1s
connected to the steering input unit 44 1n a purely electrical
manner. The wheel steering angle actuator 48 1s configured
as a central actuator. The wheel steering angle actuator 48
has an operative connection to at least two of the vehicle
wheels 42, 1n particular two front wheels, and 1s provided for
converting a steering command at the steering input element
12 into a steering movement of the vehicle wheels 42. In
principle, a steering system may of course also comprise a
plurality of wheel steering angle actuators, the latter being in
particular configured as individual wheel actuators.

The wheel steering angle actuator 48 has a gearbox
housing 50. The gearbox housing 50 i1s configured as an
external housing. The gearbox housing 50 1s provided for
receiving and/or for mounting at least a large part of the
components required for operating the wheel steering angle
actuator 48.

The wheel steering angle actuator 48 furthermore com-
prises a steering actuation element 14 (ci. in particular FIGS.
2a-c). The steering actuation element 14 1s disposed 1n the
gearbox housing 50 and mounted so as to be axially mov-
able. the steering actuation element 14 1n the present case 1s
configured as a rack. The steering actuation element 14 is
provided for, 1n particularly mechamically, adjusting a wheel
steering angle of the vehicle wheels 42, configured 1n
particular as front wheels. To this end, the steering actuation
clement 14 has an operative connection to the steering input
clement 12. Proceeding from a neutral position, illustrated in
particular 1 FIG. 2a, a detlection and/or movement of the
steering put element 12 1n a first steering direction 24
causes a deflection and/or movement of the steering actua-
tion element 14 1n a first movement direction 18, and a
deflection and/or movement of the steering input element 12
in a second steering direction 26 causes a detlection and/or
movement of the steering actuation element 14 1n a second
movement direction 22.

The wheel steering angle actuator 48 moreover comprises
two mechanical terminal detents 16, 20 mechanically delim-
iting a movement of the steering actuation element 14 (ct. 1n
particular FIGS. 2a-c). The terminal detents 16, 20 are

10

15

20

25

30

35

40

45

50

55

60

65

6

disposed 1n the gearbox housing 50. The terminal detents 16,
20 here are disposed on different, 1n particular mutually
opposite, sides of the steering actuation element 14. A first
terminal detent 16 of the terminal detents 16, 20 1s provided
for mechanically delimiting a movement of the steering
actuation element 14 in the first movement direction 18 (cf.

in particular FIG. 2b6). The first terminal detent 16 here,
proceeding from the neutral position, defines a maximum
deflection of the steering mput element 12 in the first

steering direction 24, the latter being correlated 1n particular
with the first movement direction 18. A second terminal
detent 20 of the terminal detents 16, 20 1s provided for
mechanically delimiting a movement of the steering actua-
tion element 14 1n the second movement direction 22 (ci. in
particular FIG. 2¢). The second terminal detent 20 here,
proceeding from the neutral position, defines a maximum
deflection of the steering mmput element 12 in the second
steering direction 28, the latter being correlated 1n particular
with the second movement direction 22.

Moreover, the wheel steering angle actuator 48 comprises
a steering actuator 34. The steering actuator 34 has an
operative connection to the steering actuation element 14.
The steering actuator 14 1s configured as an electric motor,
in the present case in particular as a permanently excited
synchronous motor. The steering actuator 34 1s electrically
actuatable and provided for moving and/or adjusting the
steering actuation element 14 as a function of the steering
command.

Furthermore, the steering system 10 has a control appa-
ratus 36. The control apparatus 36 1s consequently config-
ured as a steering control apparatus. The control apparatus
36 has an clectrical connection to the wheel steering angle
actuator 48. The control apparatus 36 furthermore has an
clectrical connection to the steering input unit 44. In this
way, the control apparatus 36 couples the wheel steering
angle actuator 48 and the steering input unit 44 to one
another. The control apparatus 36 1s provided for controlling
an operation of the steering system 10. The control apparatus
36 1s provided for actuating the steering actuator 34 as a
function of a signal of the steering input umt 44, in particular
as a function of a steering command at the steering input
clement 12. The control apparatus 36 1s furthermore pro-
vided for actuating the feedback actuator 46 as a function of
a signal of the wheel steering angle actuator 48.

To this end, the control apparatus 36 comprises a com-
puter unit 38. The computer umt 38 comprises at least one
processor (not illustrated), for example 1 the form of a
microprocessor, and at least one operating memory (not
illustrated). Moreover, the computer unit 38 comprises at
least one operating program which 1s stored in the operating
memory and has at least one open-loop control routine, at
least one closed-loop control routine, at least one computing
routine and at least one evaluating routine. In principle of
course, a control apparatus could also be separate from a
steering control apparatus and be configured, for example, as
a central control apparatus of a vehicle.

Furthermore, the control apparatus 36 comprises a closed-
loop control unit 52. The closed-control unit 52 1s configured
as a closed-loop steering control. The closed-loop control
unit 52 has an operative connection to the computer unit 38.
Moreover, the closed-loop control unit 52 has an operative
connection to the steering actuator 34. The closed-loop
control unit 52 1s provided for actuating the steering actuator
34 and, by way of the latter, for closed-loop controlling a
position of the steering actuation element 14. Alternatively,
it 1s conceivable for a closed-loop control unit to be 1nte-
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grated directly in the computer unit and for a separate
closed-loop control unit to be dispensed with.

In the production of the steering system 10, the steering
system 10 now 1s typically adjusted in such a manner that the
vehicle 40 drnives straight ahead and the steering input
element 12 herein 1s situated in the neutral position thereof.
However, by virtue of manufacturing tolerances, the steering
actuation element 14 1n this case 1s not inevitably situated 1n
a central position 32 so that an offset 28 between a center 30
of the steering actuation element 14 and the central position
32 exasts. Proceeding from the neutral position, this leads to
a maximum movement of the steering actuation element 14
in the two movement directions 18, 22, and consequently a
maximum deflection of the steering input element 12 1n the
two steering directions 24, 26, being different (cf. 1n par-
ticular FIG. 2a).

In order to equalize and/or compensate for this offset 28,
an exemplary method for operating the steering system 10
will be explained hereunder. It 1s exploited here that a
steering ratio between the steering input element 12 and the
steering actuation element 14 i1n the steering system 10,
configured as a steer-by-wire steering system, 1s variable and
thus can be freely modified. The same applies 1n an analo-
gous manner fundamentally also to other steering systems
which permit a variably adjustable steering ratio, such as in
the case of a superposition steering and/or active steering,
for example. In the present case, the computer unit 38 1s 1n
particular provided for carrying out the method and to this
end has 1n particular a computer program having a corre-
sponding program code means.

In the present case, the steering ratio between the steering
input element 12 and the steering actuation element 14 1s
varied and/or modified as a function of the steering direction
24, 26 of the steering input element 12. The steering ratio
between the steering input element 12 and the steering
actuation element 14 here 1s adapted 1n such a manner that
a maximum deflection of the steering input element 12 1n the
first steering direction 24, in which the steering actuation
element 14 reaches the first terminal detent 16, and a
maximum deflection of the steering input element 12 1n a
second steering direction 26, in which the steering actuation
element 14 reaches the second terminal detent 20, are at least
substantially 1dentical. By adapting the steering ratio, this,
proceeding from the neutral position, results in a maximum
steering movement range of the steering input element 12 in
the first steering direction 24, and a maximum steering
movement range of the steering input element 12 1n the
second steering direction 26, said maximum steering move-
ment ranges being at least substantially identical such that an
1dentical maximum deflection of the steering input element
12 in both steering directions 24, 26 can be achieved even
in the case of the steering actuation element 14 not being 1n
the central position 32 when the vehicle 40 travels straight
ahead. In this way, 1n the present exemplary embodiment,
when steering to the right a steering ratio which differs from
that when steering to the left 1s chosen and/or adjusted, as a
result of which a symmetrical arrangement of the terminal
detents 16, 20 can be achieved.

In order for the steering ratio to be adapted, a target
position of the steering actuation element 14 1s determined
as a function of the deflection of the steering mnput element
12, and supplied 1n particular to the closed-loop control unit
52 so as to control the position of the steering actuation
element 14 in a closed loop.

When determining the target position of the steering
actuation element 14, at least one steering-direction-depen-
dent correction factor 1s taken into account here, the latter in
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the present case having a fixed first value for the first
steering direction 24 and a fixed second value, deviating
from the first value, for the second steering direction 26. The
first value here results from a ratio between a maximum
deflection of the steering input element 12 i1n the first
steering direction 24, without adapting the steering ratio, and
half a total deflection of the steering input element 12 1n both
steering directions 24, 26. The second value 1s determined 1n
a manner analogous to that of the first value. In this way, the
second value results from a ratio between a maximum
deflection of the steering mput element 12 in the second
steering direction 26, without adapting the steering ratio, and
half the total deflection of the steering input element 12 1n
both steering directions 24, 26.

Moreover, the offset 28, which 1s 1n particular related to
manufacturing and/or production, between the center 30 of
the steering actuation element 14 and the central position 32
can be taken into account when determining the target
position of the steering actuation element 14.

Furthermore, an actuator ratio of the steering system 10,
in particular between the steering actuation element 14 and
the steering actuator 34, can be taken into account when
determining the target position of the steering actuation
element 14. The actuator ratio in the present case here 1s
fixed, and corresponds 1n particular to a ratio 1n the mecha-
nism of the wheel steering angle actuator 48. Alternatively
however, an actuator ratio may also be variable, and be
advantageously adapted automatically or manually, for
example by means of a switch, depending on the driving
situation.

In the present case, the target position of the steering
actuation element 14 in an exemplary manner results by
means of the following correlation:

LW.-x1+Ofiset-j | for LW >0
L =LW-X+Offset- j =
Tset {LW-x2+Offset-j for LW <0

L here describes the target position of the steering actuation
element 14, LW describes the deflection of the steering input
element 12, X describes the steering-direction-dependent
correction factor, x1 describes the first value of the steering-
direction-dependent correction factor, X2 describes the sec-
ond value of the steering-direction-dependent correction
factor, Offset describes the offset 28 between the center 30
of the steering actuation element 14 and the central position
32, and j describes the actuator ratio.

In a purely exemplary manner, and using the following
values
Offset: Offset=15° (=2.66 mm)

Target terminal detent: LW=1450" (=£80 mm)

Correction factor: x1)=(—450°+15°/-450°=435/450

X2=)}(450°+15°/450°=465/450

Actuator ratio: =80 mm/450°
for the straight-ahead travel

LW=0

L=0.465/450+15°-0.80 mm/450°=2.67 mm
and for the terminal detent positions:

LW=450° or 80 mm, respectively

L=80 mm 435/45(+15"-0.80 mm/450°=30 mm

LW=-450" or —80 mm, respectively

LA—80 mm 465/450+15°.80 mm/450°=—80 mm

As a result thereof, a maximum deflection of the steering
input element 12, 1n the present example 1n particular in the
form of a maximum steering angle, in the first steering
direction 24, 1n which the steering actuation element 14
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reaches the first terminal detent 16, and a maximum deflec-
tion of the steering input element 12, 1n the present example
in particular in the form of a maximum steering angle, 1n a
second steering direction 26, in which the steering actuation
element 14 reaches the second terminal detent 20, are at least
substantially identical.

FIG. 3 finally shows an exemplary flowchart having
primary method steps of the method for operating the
steering system 10.

In a first method step 60, for adapting the steering ratio as
a Tunction of a detlection of the steering input element 12,
a target position of the steering actuation element 14 1s
determined, advantageously while taking into account the
steering-direction-dependent correction factor, the ofiset 28
between the center 30 of the steering actuation element 14
and the central position 32 and/or the actuator ratio.

In a subsequent second method step 62, the target position
can then be supplied to the closed-loop control unit 52 which
for moving and/or adjusting the steering actuation element
14 interacts with the steering actuator 34.

The exemplary flowchart 1n FIG. 3 here 1s itended to
describe a method for operating the steering system 10
particularly in a merely exemplary manner. Individual
method steps may in particular also vary, or additional
method steps may be added, such as an additional directional
stability correction.

The 1nvention claimed 1s:

1. A method for operating a steering system, which 1s
configured as a steer-by-wire steering system, wherein the
steering system comprises at least one steering mput ele-
ment, at least one steering actuation element that 1s opera-
tively connected to the at least one steering input element, at
least one first terminal detent configured to mechamcally
delimit a movement of the at least one steering actuation
element 1n a first movement direction, and at least one
second terminal detent configured to mechanically delimit a
movement of the at least one steering actuation element in
a second movement direction, comprising:

adapting a steering ratio between the at least one steering,

input element and the at least one steering actuation
clement such that a maximum detflection of the at least
one steering input element 1n a first steering direction 1n
which the at least one steering actuation element
reaches the at least one first terminal detent, and a
maximum deflection of the at least one steering input
clement 1n a second steering direction 1 which the at
least one steering actuation element reaches the at least
one second terminal detent, are at least substantially
identical.

2. The method as claimed 1n claim 1, wherein, adapting
the steering ratio comprises:

determining a target position of the at least one steering

actuation element.

3. The method as claimed 1n claim 2, wherein, determin-
ing the target position of the at least one steering actuation
clement comprises:

determining the target position using at least one steering-

direction-dependent correction factor.

4. The method as claimed in claim 3, wherein the at least
one steering-direction-dependent correction factor com-
Prises:

a first correction factor for the first steering direction, the

first correction factor having a fixed first value; and

a second correction factor for the second steering direc-

tion, the second correction factor having a fixed second
value.
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5. The method as claimed 1n claim 3, wherein:

a correction factor for the first steering direction has a first
value which 1s determined from a ratio between a
maximum deflection of the at least one steering 1nput
clement 1n the first steering direction, without adapting
the steering ratio, and half a total deflection of the at
least one steering input element 1n both steering direc-
tions, and

a correction factor for the second steering direction has a
second value which 1s determined from a ratio between
a maximum deflection of the at least one steering input
clement in the second steering direction, without adapt-
ing the steering ratio, and half the total deflection of the
at least one steering input element in both steering
directions.

6. The method as claimed in claim 2, wherein, when
determining the target position of the at least one steering
actuation element, a manufacturing-related and/or a produc-
tion-related oflset between a center of the steering actuation
clement and a central position 1s taken nto account.

7. The method as claimed 1n claim 2, wherein determining,
the target position of the steering actuation element com-
Prises:

determining the target position of the at least one steering
actuation element based upon at least one actuator ratio
of the steering system between the at least one steering,
actuation element and a steering actuator configured to
adjust the at least one steering actuation element.

8. The method of claim 1, wherein a control apparatus
includes at least one computer unmit configured to perform the
method.

9. A steering system, comprising;

at least one steering input element;

at least one steering actuation element operatively con-
nected to the at least one steering mput element;

at least one first terminal detent configured to mechani-
cally delimit a movement of the at least one steering
actuation element 1n a first movement direction;

at least one second terminal detent configured to mechani-
cally delimit a movement of the at least one steering
actuation element 1in a second movement direction; and

a computer umit configured to adapt a steering ratio
between the at least one steering input element and the
at least one steering actuation element such that a
maximum deflection of the at least one steering input
clement 1n a first steering direction 1n which the at least
one steering actuation element reaches the first terminal
detent, and a maximum deflection of the at least one
steering 1nput element in a second steering direction 1n
which the at least one steering actuation element
reaches the second terminal detent, are at least substan-
tially identical.

10. A vehicle having a steering system, comprising:

at least one steering input element;

at least one steering actuation element operatively con-
nected to the at least one steering input element;

at least one first terminal detent configured to mechani-
cally delimit a movement of the at least one steering
actuation element 1n a first movement direction;

at least one second terminal detent configured to mechani-
cally delimit a movement of the at least one steering
actuation element 1n a second movement direction; and

a computer unmit configured to adapt a steering ratio
between the at least one steering imnput element and the
at least one steering actuation element such that a
maximum deflection of the at least one steering input
clement 1n a first steering direction 1n which the at least
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one steering actuation element reaches the first terminal
detent, and a maximum deflection of the at least one
steering 1nput element 1n a second steering direction 1n
which the at least one steering actuation element
reaches the second terminal detent, are at least substan- 5

tially 1dentical.
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